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We claim: 

1 1 . A quantum gate comprising two waveguides, an input section of at least one of 

2 the waveguides leading to a coupling region where the two waveguides are coupled, an output 

3 section of each of the waveguides leading from the coupling region to an output end of the 

4 waveguide, and at least one bias element operative to apply one of an electrical and magnetic 

5 bias to the gate to cause carriers moving through the input section of the at least one waveguide 

6 into the coupling region to be coupled to one or the other of the output sections of the 

7 waveguides in dependence on application of the bias. 



1 2. The quantum gate of claim 1 , wherein the coupling region is a tunneling region 

2 for passing carriers from the at least one waveguide to the other waveguide by tunneling. 

1 3. The quantum gate of either claim 1 or 2, wherein the at least one bias element is 

2 operative to apply an electrical bias across the gate to force carrier movement across the coupling 

3 region from the input section of the at least one waveguide to one or the other of the output 

4 sections. 

1 4. The quantum gate of either claim 1 or 2, wherein the at least one bias element is 

2 operative to apply a magnetic bias to the gate to force carrier movement across the coupling 

3 region from the input of the at least one waveguide to one or the other of the output sections. 

1 5. The quantum gate of claim 4, wherein the bias element is a conductor proximate 

2 the coupling region. 

1 6. The quantum gate of either claim 1 or 2, wherein the waveguides and the coupling 

2 region are a part of a semiconductor structure. 

1 7. The quantum gate of claim 6, the semiconductor structure being of a InAs/InGaAs 

2 heterostructure. 

1 8. The quantum gate of either claim 1 or 2, wherein the at least one waveguide is of 

2 substantially uniform width and the other waveguide has an output region that is wider than the 

3 width of the at least one waveguide. 
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1 9. The quantum gate of claim 8, wherein the other waveguide has an input region 

2 leading to the coupling region that is narrower than the output region of that waveguide. 

1 10. The quantum gate of either claim 1 or 2, wherein the coupling region is 300 to 

2 450 nm in length. 

1 11. The quantum gate of claim 10, wherein the waveguides are 20 to 50 nm in width. 

1 12. The quantum gate of either claim 1 or 2, wherein the waveguides are separated by 

2 a potential barrier at locations other than the coupling region. 

1 13. The quantum gate of claim 9, wherein the input and output regions of the 

2 waveguides are separated by a potential barrier. 

1 14. The quantum gate of claim 12, wherein the potential barriers comprise deposited 

2 conductors. 

1 15. The quantum gate of claim 1 2, further comprising potential barriers defining 

2 edges of the waveguides spaced from the potential barriers separating the waveguides. 

1 1 6. The quantum gate of claim 1 5, wherein the potential barriers comprise deposited 

2 conductors, 

1 17. The quantum gate of 1 3, further comprising potential barriers defining edges of 

2 the waveguides spaced from the potential barriers separating the waveguides. 

1 18. The quantum gate of claim 1 7, wherein the potential barriers comprise deposited 

2 conductors. 

1 19. The quantum gate of either claim 1 or 2, further comprising means associated 

2 with the input region of the at least one waveguide operative to modify a quantum characteristic 

3 of charge carriers moving in that input region towards the coupling region. 

1 20. The quantum gate of claim 19, wherein the quantum characteristic is electron 

2 spin, whereby carriers moving in the input region of the at least waveguide are selectively 

3 electron spin polarized by operation of the means to modify a quantum characteristic. 
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1 21 . The quantum gate of claim 19, wherein the quantum characteristic is electron spin 

2 and wherein the means to modify a quantum characteristic is a quantum point contact (QPC) and 

3 a source of magnetic field associated with the input region of the at least one waveguide. 

1 22. The quantum gate of either claim 1 or 2, further comprising a quantum point 

2 contact and a source of magnetic field associated with the input region of the at least one 

3 waveguide operative selectively to effect electron spin polarization of carriers moving in that 

4 input region. 

1 23. The quantum gate of either claim 1 or 2, wherein the charge carriers are electrons. 

1 24. The quantum gate of either claim 1 or 2, wherein the waveguides are defined by 

2 deposited metal conductors operative to develop potential barriers in a semiconductor substrate 

3 on which they are deposited and in which the charge carriers move. 

4 25 . A semiconductor gate device comprising: 

5 (a) a first means for communicating a number of charge carriers from a first 

6 location to a second location, 

7 (b) a second means for communicating a number of charge carriers to the 

8 second location, 

9 (c) means located intermediate first and second ends of the first means for 

10 communicating for coupling the first means for communicating to the second means for 

1 1 communicating, and 

12 (d) means for applying at least one of a magnetic and an electrical bias to 

13 charge carriers moving in the first means for communicating to determine to which of the first 

14 and the second means for communicating the charge carriers move via the coupling means. 

1 26. The gate device of claim 25, wherein the first location is a first end of the device 

2 where the charge carriers are introduced into the first means for communicating, and the second 

3 location is a second end of the device to which the charge carriers move. 

1 27. The gate device of claim 26, wherein the first and second communicating means 

2 are first and second waveguides, respectively. 
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1 28. The gate device of claim 27, wherein the means for coupling is a tunneling region. 

1 29. The gate device of claim 28, wherein the means for applying at least one of a 

2 magnetic and an electrical bias comprises means for applying a magnetic bias across the device 

3 to influence which of the first and second waveguides delivers the charge carriers to the second 

4 end of the device. 

1 30. The gate device of claim 28, wherein the means for applying at least one of a 

2 magnetic and an electrical bias comprises a means for applying an electrical bias across the 

3 device to influence which of the first and second waveguides delivers the charge carriers to the 

4 second end of the device. 

1 31. The gate device of claim 25, further comprising means for influencing a quantum 

2 state of the charge carriers. 

1 32. The gate device of claim 31, wherein the means for influencing a quantum state of 

2 the charge carriers comprises means for effecting electron spin polarization. 

1 33. The gate device of claim 32, wherein the means for effecting spin polarization 

2 comprises a quantum point contact and means for applying an magnetic field at the quantum 

3 point contact. 

1 34. The gate device of claim 33, wherein the quantum point contact is imbedded in 

2 the first means for communicating at a location between the first location and the means for 

3 coupling. 

1 35. A semiconductor waveguide gate device comprising: 

2 (a) a first waveguide boundary, 

3 (b) a second waveguide boundary spaced from and substantially parallel to the 

4 first waveguide boundary, 

5 (c) a first metallic member defining a first waveguide separating boundary 

6 protruding between the first waveguide boundary and the second waveguide boundary, 
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7 (d) a second metallic member defining a second waveguide separating 

8 boundary protruding towards the first electrode between the first waveguide boundary and the 

9 second waveguide boundary, 

10 (e) each of the first and second metallic members having edges facing the first 

1 1 waveguide boundary to define a potential barrier spaced substantially the same distance a from 

12 the first waveguide boundary, 

1 3 (f) each of the first and second metallic members having a further edge facing 

1 4 the second waveguide boundary, 

1 5 (i) the further edge of the first metallic member being spaced from the 

1 6 second waveguide boundary to produce a potential barrier a distance b from the second 

1 7 waveguide boundary, 

1 8 (ii) the further edge of the second metallic member being spaced from 

19 the second waveguide to produce a potential barrier a distance c from the second waveguide 

20 boundary that is greater than a, 

2 1 (iii) the further potential barriers of the first and second metallic 

22 members forming with the second waveguide boundary a second waveguide along the second 

23 waveguide boundary, 

24 (g) the first and second metallic members having ends separated by a 

25 coupling, and 

26 (h) bias applying means located to selectively apply one of a magnetic and an 

27 electrical bias to charged particles moving in the first and second waveguides. 

1 36. A semiconductor quantum cryptography system comprising two parallel 



2 waveguides, separated by an electrostatic potential barrier and coupled via a tunnel region, a top 

3 one of the two waveguides having a uniform width of substantially 35 nm with a small quantum 

4 point contact (QPC) with a width of about 35 nm and a length of about 20 nm embedded in an 

5 input side of an input waveguide, a further one of the two waveguides being narrowed at its 

6 source end to substantially 25 nm and widened to a width of substantially 45 nm on an output 

7 side of the tunnel region, and means for controlling spin of the electron, either up or down 

8 depending on the sign of an applied filtering magnetic field, and to form with the location of the 

9 electron density two non-orthogonal bases for encryption of bits. 
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1 37. The semiconductor quantum cryptography system according to claim 36, wherein 

2 the electrostatic potential barrier that separates the input and output waveguides begins with a 

3 width of substantially 50 nm and then narrows to substantially 25 nm on the output side of the 

4 tunnel region. 

1 38. The semiconductor quantum cryptography system according to claim 37, further 

2 comprising doping to set a Fermi level that corresponds to a Fermi energy where one mode 

3 propagates in the input waveguide. 

1 39. A method of transistor quantum gate operation comprising: 

2 (a) providing in a semiconductor substrate a first waveguide, 

3 (b) providing in the semiconductor substrate a second waveguide, 

4 (c) providing a coupling between the first and the second waveguide, 

5 (d) moving a charge carrier current in one of the waveguides, and 

6 (e) selectively controlling the path of electron current to one or the other of 

7 outputs of the waveguides by applying at least one of an electrical and a magnetic bias to the 

8 electron current to cause tunneling of the current in the coupling. 

1 40. The method of transistor quantum gate operation according to claim 39, wherein 

2 steps (a) and (b) comprise developing barrier potentials in the substrate to define the waveguides. 

1 41 . The method of transistor quantum gate operation according to claim 40, wherein 

2 developing the barrier potentials comprises: 

3 (i) developing a first barrier potential separating the waveguides at 

4 their input ends between inputs to the waveguides and the coupling, and 

5 (ii) developing a second barrier potential separating the waveguides at 

6 their output ends between outputs from the waveguides and the coupling. 

1 42. The method of transistor quantum gate operation according to claim 41, wherein 

2 developing the first and second barrier potentials comprises defining one waveguide that is wider 

3 at its output end than width of the other waveguide at its input end. 
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1 43. The method of transistor quantum gate operation according to claim 39, further 

2 comprising selectively polarizing the electron spin of charge carriers moved in one of the 

3 waveguides. 

1 44. A method of encryption between a sender and a receiver in a solid state device 

2 comprising the sender randomly choosing numbers a and b where a corresponds to a location of 

3 an electron density, '0 f or T, and b corresponds to a polarization of the propagating density as it 

4 passes through a tuned quantum point contact, '0' or T, as the electron density passing the 

5 electron density through an input end of the device into a tunnel region of the device in one of 

l 0t H 0 ^) i i\ 

6 four possible states for the electrons: y/ = f -j= — L (a = 0,b =0), |0 4^ (a =0, b =1), 

7 J — 1 ' 1 (a=hb =0), or U) (a =1, b =1), 

v2 

8 the receiver choosing a measurement basis and recording the outcome of the receiver's 

9 measurement, the receiver's measurement basis, and which of plural waveguides the electron 

10 density arrived on, publicly communicating to the sender from the receiver the measurement 

1 1 basis and the waveguide in which the electron density arrived to reconcile and throw away 

12 incorrect measurements on the arriving density. 

1 45. The method of encryption according to claim 44, further comprising using one of 

2 the spin down state of the electron by applying a negative magnetic field to the electron density 

3 as it passes through the quantum point contact, or using the spin up state of the electron by 

4 applying a positive magnetic field to the electron density as it passes through the quantum point 

5 contact. 

1 46. A method of secure, encrypted communication comprising: 

2 (a) providing a movement of a series of charge carrier densities, 

3 (b) selectively electron spin polarizing some of the charge carrier densities in 

4 the series in one spin direction, while not electron spin polarizing in that spin direction the 

5 remaining charge carrier densities in the series, 

6 (c) irrespective of electron spin polarization, directing the movement of a 

7 portion of the charge carrier densities along a first path, and 
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8 (d) irrespective of electron spin polarization, directing movement of a 

9 remaining portion of the charge carrier densities along a second path. 

1 47. The method of secure, encrypted communication of claim 46, wherein step (b) 

2 comprises leaving the remaining charge carrier densities without electron spin polarization, 

1 48. The method of secure, encrypted communication of claim 46, wherein step (b) 

2 comprises providing a quantum point contact and applying a magnetic field at the quantum point 

3 contact to those charge carrier densities to be electron spin polarized. 

1 49. The method of secure, encrypted communication of any one of claims 46, 47 or 

2 48, wherein step (c) comprises: 

3 (i) providing a first waveguide, and 

4 (ii) directing the portion of the charge carrier densities along the first 

5 waveguide to a first output, and 

6 step (d) comprises: 

7 (i) providing a second waveguide, and 

8 (ii) directing the remaining portion of the charge carrier densities 

9 along the second waveguide to a second output. 

1 50. The method of secure, encrypted communication of claim 49, further comprising 

2 providing a coupling between the waveguides, and wherein directing the remaining portion of 

3 the charge carrier densities along the second waveguide comprises directing the remaining 

4 portion from a part of the first waveguide to the second waveguide via the coupling. 

1 51. The method of secure, encrypted communication of claim 50, wherein directing 

2 the remaining portion of the charge carrier densities from a part of the first waveguide to the 

3 second waveguide comprises applying at least one of an electric and a magnetic bias to the 

4 remaining portion. 
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1 52. The method of secure, encrypted communication of claim 51, wherein the steps of 

2 providing a first waveguide and providing a second waveguide comprises defining the first and 

3 the second waveguide in a semiconductor by establishing electrical potentials defining the 

4 waveguides, and the step of directing the remaining portion of the charge carrier densities from a 

5 portion of the first waveguide to the second waveguide via the coupling comprises providing a 

6 tunnel region coupling the waveguides and selectively applying the bias to choose which of the 

7 charge carrier densities to direct to the second waveguide via the tunnel region. 

1 53. The method of secure, encrypted communication of claim 46, wherein four output 

l ot ) + H i i\ 

2 characteristics are produced of the form: y = J ——^ — - (a = 0,b =0), 0 i) (a =0, b =1), 

<42 1 1 

3 - — -j± — - (a=l,b =0), or 1 (a =1, b =1), where a and b are the first and second outputs. 
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